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Introduction

67
Livestock are an important contributor to anthropogenic greenhouse gas (GHG) 68 emissions. Enteric fermentation from non-dairy cattle accounted for 21% of the total 69 emissions from agriculture in the period between 2002 and 2012 (FAOSTAT, 2014 .
70
The main GHG emitted by cattle is methane (CH 4 ) which has a warming potential 25 71 times higher than carbon dioxide.
72
Feed efficiency and growth performance have repeatedly been found to be 73 associated with feeding behaviour in beef cattle (Nkrumah et al., 2007; Kelly et al., 74 3 2010). For example, a longer feeding time (Schwartzkopf-Genswein et al., 2002) and 75 more frequent feeding bouts (Schwartzkopf-Genswein et al., 2011) are associated 76 with higher productivity (average daily gain) in feedlot cattle, and a better feed 77 efficiency (FCR). However, it is less clear how feeding behaviour affects efficiency 78 for different breeds and diets.
79
Physical activity can influence total energy expenditure and feed efficiency 80 (Susenbeth et al., 1998; Herd et al., 2004) . According to different studies reviewed 81 by Herd et al. (2008) , beef cattle that are more efficient may engage in less daily 82 activity which may have evolved as a mechanism to minimise energy expenditure.
83
However, there are no studies on how differences in feeding behaviour and activity 84 in the pen affects CH 4 emissions in beef cattle.
85
Feeding behaviour and activity are determined by dominance and temperament. For 86 instance, a dominant animal would be able to access resources as it wished, 87 whereas a subordinate might have to adapt to dominant group member preferences.
88
Temperament reflects repeatable between-individual differences in behavioural 89 responses to a challenging situation. Excitable temperaments measured during 90 routine handling have been associated with higher activity in undisturbed group pens 91 of beef cattle (MacKay et al., 2013) . Cafe et al. (2011) found that excitable steers 92 (castrated males) showed shorter feeding bouts and lower feed intake when kept in to the facilities and feeding system before the beginning of the experiment. The last 124 four weeks of that period doses of additives were gradually increased to allow steers 125 adapt to dietary treatments. On arrival the steers were fed a standard finishing diet 126 for eight weeks before the experiment started. Subsequently, recordings of feed 127 intake, BW and fat depth were taken over 56 days (referred ahead as 56-day test) to 128 assess the residual feed intake (RFI). RFI is a feed efficiency measure calculated as 129 the difference between the actual and predicted feed intake required for the level of 130 production achieved (Basarab et al., 2003) . Methane emitted by the steers at the 131 feeders was assessed on a daily basis. Steers were recorded during 56-day test 132 using two cameras per pen. The cameras covered the complete space available to 133 the steers.
134
The temperament of the steers was recorded three times throughout the 56-day test 135 by observation of their behavioural response to handling associated with routine 136 weighing.
137
All variables assessed are represented in Figure 1 according to the day of 138 measurement along the 56-day period.
140
Residual feed intake estimation 141 The automatic feeders recorded the weight of feed consumed during each feeding 142 event 24 h a day for each steer from which the dry matter intake (DMI) was instrumentation cabinet that housed the gas analyser.
159
The respiration gas was sampled each day of the whole experiment when the steers 160 were feeding and visits shorter than one min were not taken into account for CH 4 161 sampling as there was insufficient time to allow the gas analyser to equilibrate. Wednesday) on weeks 1, 3, 5 and 7 of the 8-week RFI trial. These days were 207 selected as they involved the least disturbance of the steers for routine procedures.
208
All observations were performed by a single observer.
209
For each observation, the date of the observation, time of the interaction, behaviour were more efficient (lower RFI) (P < 0.01) and produced less CH 4 (g/kg DMI) than 276 those fed with a mixed diet (P < 0.001). Also, steers fed the mixed diet produced 277 17% less CH 4 (g/kg DMI) when nitrate was added (P < 0.01). CHx steers had lower 278 DMI (kg BW; P < 0.01), greater ADG (P < 0.01) and were more efficient (lower RFI; 279 P < 0.01) than Luing steers. No effect of dietary additives was found in any of the 280 performance traits.
281 Table 1 provides mean values for feeding behaviour and activity for the two breeds 282 and diets. The models that best explained the influence of feeding behaviour and 283 activity on performance and CH 4 emissions are shown in Table 2 . FCR showed a 284 non-parametric distribution and was transformed using logarithm base 10. Neither 285 feeding behaviour nor activity had a significant impact on DMI, ADG or FCR.
286
Feeding behaviour determined RFI by the interaction between diet*dFeed_time 287 suggesting that steers fed a mixed diet were more efficient (decreased RFI) when 288 the time spent feeding was higher (P = 0.039) but no effect was detected in 289 concentrate-fed steers. There was also a tendency for lower RFI in steers that were 290 less active, as shown by taking fewer nSteps (P = 0.071). Methane emissions (g /kg 291 DMI) were lower in steers that ate more frequently (nFeed_bouts) (P = 0.041) and 292 spent a shorter time standing (P = 0.037).
294
Association between temperament and dominance with feeding behaviour 295 
378
This may be the reason why the effect of feeding time on feed efficiency is more 379 evident with fibrous compared to concentrate-based diets.
380
There was a tendency (P = 0.071) for greater activity (more frequent steps) to be 381 associated with poorer feed efficiency (RFI). This finding agrees with other studies. efficiency (when increasing intake) which could be achieved by promoting longer 461 times spent eating, therefore improving digestion of feed.
462
A similar association between feeding behaviour and dominance was seen as 463 between feeding behaviour and temperament. The relationship between feeder 464 access and dominance behaviour has been extensively described in cattle (Harb et 465 al., 1985; DeVries and von Keyserlingk, 2009; Gonzalez et al. 2008 Gonzalez et al. , 2012 where it 466 is generally accepted that dominant steers limit access of subordinates to feed. In 467 this study, a strong association was found between feeding behaviour and total 468 displacements or displacement index, whereby dominant steers showed more 469 frequent but shorter feeding bouts. This result suggest that if subordinate steers can 470 be fed at their wish they will probably show a similar pattern than dominant steers, with frequent and short feeding bouts, and as discussed earlier, potentially reduce 472 CH 4 .
473
The results also show that dominant steers spent a greater time feeding compared to 474 subordinates which they could achieve since they were not displaced so frequently.
475
The same association was found by De Vries et al. (2004) are more reactive to potentially threatening external stimuli. As a result, the energy 495 expenditure dedicated to body movement is likely to be higher which may decrease the quantity of resources that can be dedicated to growth and compromise efficiency.
An association between temperament and feed efficiency has been reported by
498
Voisinet et al. (1997) and Nkrumah et al. (2007) . In contrast, Llonch et al. (2016a) 
499
could not find such a relationship but temperamental steers grew more slowly.
500
Presumably in the latter study, the DMI was also reduced to some extent in more 501 temperamental steers which reduced the impact on feed efficiency. Figure S1 . Detail of the Hoko feeders used in the study to assess feeding behaviour and methane emissions. The blue part contains the feed and records each time a steer accesses the feeder. On top of it, the transparent cover contains the gas exhaled, which was vacuumed towards a gas chromatograph. Figure S2 . Pictures of the IceTag® sensor (IceRobotics Ltd, Edinburgh, UK) put on the steers to monitor activity. The first picture represents the sensor, the second is the cover to protect the sensor and the third picture shows the exact location on the steers' legs. Copyright: IceRobotics Ltd.
